Alterations of intracellular calcium homeostasis and myocardial energetics in acute adriamycin-induced heart failure.
To elucidate the mechanism of acute contractile failure induced by adriamycin, the intracellular concentrations of free calcium ([Ca2+]i) and energy-related phosphate compounds were determined in isolated ferret hearts. The time-averaged [Ca2+]i was measured at 10 min resolution using fluorine nuclear magnetic resonance (NMR) spectroscopy and the NMR-sensitive Ca2+ indicator 5F-BAPTA. [Ca2+]i significantly increased from a control of 381 +/- 66 nM (mean +/- SEM, N = 5) to 789 +/- 171 nM during 30 min of perfusion with adriamycin (30 mg/L), and remained elevated for at least 30 min after washout. The isovolumic LV pressure decreased to 80.7 +/- 8.9% of control (N = 12, p less than 0.05) and did not recover after washout. Intramyocardial contents of energy-related phosphates were determined by phosphorus NMR spectroscopy in seven other hearts. No significant change in myocardial energy metabolism was observed during adriamycin exposure and after washout; inorganic phosphate did not increase, and phosphocreatine and ATP did not decrease. These results indicate that Ca overload induced by adriamycin is associated with acute contractile failure. Adriamycin has been reported to inhibit Na-Ca exchange and to affect the gating of Ca2+ release channels in sarcoplasmic reticulum. Whatever the cause of the calcium overload, the fact that dysfunction persists as an aftereffect of adriamycin is consistent with the hypothesis that calcium overload, in the absence of ischemia, can leave behind long-lasting contractile dysfunction.